ABSTRACT Low-level activity at the end of the QRS complex was analyzed from 63 thoracic leads in 15 normal subjects and in 21 patients with ventricular tachycardia (VT). The latter had old myocardial infarction and no conduction disturbances and had not been receiving antiarrhythmic drugs. In both normal subjects and patients with VT, isopotential maps of the time-averaged and filtered (25 Hz highpass) electrocardiograms during the terminal portion of the QRS were dipolar, i.e., they showed single positive and negative regions. For patients with VT, the extrema were either distant, with one over the precordial area and the other over the back, or close together in the precordial region. In 10 patients, maps recorded after administration of antiarrhythmic drugs remained the same while QRS duration was prolonged. In six patients, maps recorded before antiarrhythmic surgery showed distant extrema for septal or posterobasal VT sites of origin and close extrema for anterior or posteroapical sites. Generally, QRS duration was reduced and maps were modified after surgery. Late potentials can be well detected with only three orthogonal leads because their distributions are dipolar, but maps provide additional information about their distribution, which may be related to conduction delay sites and possibly to VT sites of origin. Sources near the torso surface would produce close extrema, whereas deeper sources would produce distant extrema. Circulation 74, No. 6, 1323No. 6, -1333No. 6, , 1986 HIGH-RESOLUTION signal-averaged electrocardiograms have shown the presence of low-level, highfrequency potentials immediately after the QRS complex in patients with-coronary heart disease and ventricular tachycardia (VT) during normal sinus rhythm. It has been suggested that these late ventricular potentials reflect the presence of areas of delayed conduction where reentry can easily occur" 2 and that they can be used as a sensitive marker for the identification of subjects prone to sustained VT.31-2 These features have also been previously described in cases of right ventricular arrhythmogenic dysplasial3 and more recently in cases of nonischemic congestive cardiomyopathy with cardiomegaly and VT. 14 15 In this study, we have characterized the spatial distribution of the late potentials by analyzing 63 simulta- neously recorded leads in normal subjects and in patients with old myocardial infarction and documented VT. Previously, late potentials had been recorded with only three or four bipolar leads,3-12 which did not supply information about the location and extent of these potentials on the torso surface. The analysis of these 63 time-averaged and filtered electrocardiograms can provide (1) information about the number and location of leads required to record late potentials, (2) a more detailed description of the late potentials and of the modifications caused by antiarrhythmic drugs or surgery than the one provided by three orthogonal leads, and (3) information about the location of the late potentials on the torso surface, which could be compared with the location of the arrhythmogenic site.
HIGH-RESOLUTION signal-averaged electrocardiograms have shown the presence of low-level, highfrequency potentials immediately after the QRS complex in patients with-coronary heart disease and ventricular tachycardia (VT) during normal sinus rhythm. It has been suggested that these late ventricular potentials reflect the presence of areas of delayed conduction where reentry can easily occur" 2 and that they can be used as a sensitive marker for the identification of subjects prone to sustained VT.31-2 These features have also been previously described in cases of right ventricular arrhythmogenic dysplasial3 and more recently in cases of nonischemic congestive cardiomyopathy with cardiomegaly and VT. 14 15 In this study, we have characterized the spatial distribution of the late potentials by analyzing 63 simulta- neously recorded leads in normal subjects and in patients with old myocardial infarction and documented VT. Previously, late potentials had been recorded with only three or four bipolar leads,3-12 which did not supply information about the location and extent of these potentials on the torso surface.
The analysis of these 63 time-averaged and filtered electrocardiograms can provide (1) information about the number and location of leads required to record late potentials, (2) a more detailed description of the late potentials and of the modifications caused by antiarrhythmic drugs or surgery than the one provided by three orthogonal leads, and (3) information about the location of the late potentials on the torso surface, which could be compared with the location of the arrhythmogenic site.
Methods
Patients. The study protocol, which was approved by an institutional committee on human research, was performed on two groups of subjects that had been informed of its purposes. The first group ( Site of origin of VT: Sept = septal; Post-Bas = posterobasal; Ant = anterior; Post-Ap = posteroapical.
Other abbreviations as in table 1A. diograms without 60 Hz interference, this additional band-reject filter did not alter the signal.
Two different methods were used to compute three vectorcardiographic leads. (1) Three X,Y,Z bipolar leads were obtained by subtracting the filtered electrocardiograms measured at the right and left midaxillary lines for the X lead, at the suprasternal notch and the umbilicus for the Y lead, and at the posterior chest and the sternum for the Z lead. (2) The other method was developed to reduce the noise by taking into account all the leads: the three X,Y,Z signals were computed by a least-square fit between all the 63 filtered electrocardiograms and three bipolar potential distributions generated on the surface of a realistic torso model, including regions of lower electrical conductivity representing the lungs. 18 The three X,Y,Z signals were used to determine the QRS duration and the average voltage of the terminal part of the QRS in the following manner. The vector magnitude of the three filtered vectorcardiographic components was computed and the QRS onset and offset automatically determined as the points where the magnitude function exceeded the mean plus 3 SDs of a noise sample measured during an isoelectric segment. An operator examined and eventually edited these QRS limits after inspecting on a scope the magnitude function and the three X,Y,Z signals (figure 2). The QRS duration was then obtained from these QRS limits. The root-mean-square of the magnitude function for the last 40 msec was computed and is referred to as V40 in the rest of this article. To characterize the spatial distribution of the late potentials, isopotential maps of the 63 filtered electrocardiograms were drawn for each sampling instant between 80 msec after QRS onset and the QRS offset. In these maps, the torso surface is represented in a rectangular format (see figure 1 ). The isopotential lines that depict the potential distribution on the filtered electrocardiograms at a given time instant are obtained by cubic spline interpolation and are drawn for intervals of 5 ,gV. The zero-potential line is identified by a heavier trace and plus and minus signs indicate the locations of the maximum and minimum.
Each recording was repeated at least three times during the same session to verify the reproducibility of the measurements. The vectorcardiographic measurements from each patient are the mean values for a single session. The results for each subgroup are given as the mean + 1 SD. The statistical analyses were performed with the Student t test for either paired or unpaired observations according to the case.
Results
Vectorcardiographic measurements. The QRS duration and V40 were measured on the filtered vectorcardiograms for every recording of all normal subjects and patients with VT (three to four recordings for each individual, for a total of 131 recordings). A small but significant difference in QRS duration (p < .05) was found between the vectorcardiogram obtained with three bipolar leads (114 ± 26 msec) and that obtained with 63 unipolar leads (116 + 29 msec). However, no significant difference was found between the V40 obtained with the two methods: 52 + 48 uV for three leads and 54 ± 53 gV for 63 leads.
Since the QRS duration measured with three leads is only 2 msec shorter than that with 63 leads, and since measurements from three bipolar leads have previously been used in most studies,3-12 the QRS duration and voltage values in the rest of this article were obtained with the three bipolar leads.
Incidence of late potentials. The results for the QRS duration and V40 measured on the filtered QRS complexes are presented in table 2. The QRS duration was significantly longer (p < .005) for patients with VT (118 ± 20 msec) than for normal subjects (99 + 10 In the group of 15 normal subjects, all the late QRS maps were dipolar: they showed a single positive region and a single negative region. For 10 subjects, the extrema were close together on a vertical line over the sternum ( figure 3, A) . For the other five subjects, the extrema were more distant, with one over the sternum and the other over the middle of the back ( figure 3, B) .
In the group of 21 patients with VT, all the late QRS maps were also dipolar. For 15 patients the extrema were distant, with one over the precordial area and the other over the back ( figure 4, A) . For the other six patients the extrema were close together in the precordial or left midaxillary region (figure 4, B) and were not located vertically in the sternal region as for the normal subjects. For the 13 patients with anterior myocardial infarction, the maps showed distant extrema in seven and close extrema in six. For the seven patients with inferior and the one with both anterior and inferior myocardial infarction, the maps always showed distant extrema. For the 10 patients with a Vo under 25 gV, the maps showed distant extrema in nine (three with anterior, five with inferior, and one with both anterior and inferior myocardial infarction) and close extrema for one (anterior myocardial infarction). Maps with more than two extrema were found only once in a patient who had no conduction disturbance but did not belong to the previously described study group because he was already on drug treatment (figure 5). His maps were reproducible and neither noise nor artifacts could be seen on the electrocardiograms. The data from this additional patient are presented here to confirm the possibility of detecting multiple extrema with our mapping system. Elfects of drugs. Recordings were performed in 10 DIAGNOSTIC METHODS-BODY SURFACE MAPPING antiarrhythmic surgery, the origin of the VT determined by epicardial and endocardial mapping was septal in one, anterior in one, posterobasal in two, and posteroapical in one. In one patient, VT could not be induced in the operating room and surgery was performed in the septal region on the basis of its anatomic appearance. For all patients, no VT could be induced during postoperative electrophysiologic control, and the body surface potential maps were recorded without pharmacologic treatment, both before and after surgery. After surgery, the QRS duration was significantly reduced from 119 + 26 to 99 ± 17 msec (p < .01). A shortening was seen in five patients (four with aneurysmectomy, one without), whereas the duration increased slightly for the patient who had a normal QRS duration, a V40 over 25 ,uV, and no inducible VT at surgery. The effects of surgery on the V40 were not significant; it increased in four patients and decreased in two, and the mean changed from 47 + 47 to 64 ± 53 gV.
Before surgery, the maps showed distant extrema for the four patients who had septal or posterobasal VT The isopotential maps at QRS offset showed distant extrema in seven patients and close extrema in three. The morphology was the same after treatment. The maps for patient 7 after treatment with amiodarone (figure 6, right) are shifted by about 16 msec with respect to those before treatment (figure 6, left) and they retain the same morphology until QRS offset. The V40 remained the same (from 32 to 35 ,uV extrastimulus in the dog and the correspondence between epicardial and thoracic potentials.
Vectorcardiographic measurements. Late potentials are usually measured on the root-mean-square values of three orthogonal leads that are filtered at 25 Hz. Three variables are usually considered to identify highrisk patients5' 7. 8: (1) the mean voltage of the last 40 msec, which should be smaller than 25 ,V, (2) the QRS duration, which should be greater than 120 msec, (3) the duration of potentials that stayed under 20 to 40 gV at QRS offset, which should be longer than about 40 msec.
In our study, the mean QRS duration and V,0 values for normal subjects are similar to those reported elsewhere,10, 11, 39 40 although the rate of false positives for V40 in our group is greater (20% vs 6% to 12%). Different values are reported in the literature for the incidence of late potentials in patients with coronary heart disease and VT, as well as for the duration of the filtered QRS complex in absence of intraventricular conduction disorders. With filtering at 25 Hz, Simson5 found a V40 less than 25 gV in 92% of subjects with VT compared with 7% in patients with myocardial infarction but without VT, and a QRS duration greater than 120 msec in 72% and 0% of the patients, respectively. With filtering at 40 Hz, Denes et al.7 found a V40 of less than 20 ,uV in 83% and a QRS duration longer than 120 msec in 58% of patients with myocardial infarction and VT. For our patients, the V40 was less than 25 ,V in 48% and less than 40 gV in 71%. This was found more often in patients with inferior myocardial infarction the signal-to-noise ratio can be larger for some of the 63 leads, the late potentials were reasonably well detected by only three bipolar orthogonal leads.
On the body surface maps, the distance between extrema may be linked to the distance between the thoracic surface and the area of myocardium generating the electrical activity: sources close to the torso surface generate close extrema while more distant sources generate distant extrema. The isopotential maps of normal subjects presented characteristic dipolar aspects that correspond to the terminal activity at the base of the ventricles."4 For our patients with VT the maps showed distant extrema for all with inferior myocardial infarction and for seven of 13 with anterior myocardial infarction. In six with anterior myocardial infarction, close extrema were found. The same observation was made in the group of 10 patients with a V40 less than 25 ,V: distant extrema were seen in three with anterior, five with inferior, and one with anteriorinferior myocardial infarction. This suggests that the spatial distribution of late potentials may be related to a localized area of conduction delay that does not necessarily correspond to the site of infarction determined by the electrocardiogram. For the single patient with multiple extrema, existence of delayed activity in separate areas may be postulated.
Effects of antiarrhythmic drugs. After antiarrhythmic treatment, a significant QRS prolongation was observed in our patients without significant changes in V40. However, the terminal isopotential maps were not affected either in their dipolar character or in their distribution. The limited size of our study group does not allow us to reach conclusions on the precise effects of antiarrhythmic drugs. Rather, our purpose is to illustrate the use of the mapping technique to better characterize drug effects on late potentials. Thus, even with variations in the QRS duration, the absence of changes of the spatial distribution after drugs suggests that the location of the terminal activity was not changed.
The effects of antiarrhythmic drugs on late potentials have been studied in animal preparations as well as in man.4 45-48 The incidence was rarely modified by therapy. Measurements in sinus rhythm were either slightly changed or showed a prolongation of the QRS duration with a V40 decrease, especially with quinidine, procainamide, and amiodarone; however, no relationship was found with either inducible45 or spontaneously occurring VT. Effects of antiarrhythmic surgery. After antiarrhythmic surgery, QRS duration was decreased and the body surface maps at QRS offset were modified. These modifications could indicate a change in the location of the terminal activity. In our patients, it was not possible to separate the effects of aneurysmectomy from those of selective exclusion of the arrhythmogenic foci in these alterations. However, these changes appear to be related to the noninducibility of VT. Others have investigated the effects of surgery on VT and late potentials.4 50 51 In patients who lost their late potentials after surgery, Marcus et al.5`found that VT was no longer inducible but that VT was also no longer inducible in about half the patients who retained late potentials. However, the three-lead recording technique did not allow detection of the changes in the spatial distribution of late potentials we have observed.
The spatial distribution of late potentials would seem to be related to the site of origin of VT determined at the time of surgery. Distant extrema were found on the maps of two patients with inferior myocardial infarction and posterobasal VT sites and on the maps of two patients with anterior myocardial infarction and septal VT sites. In contrast, close extrema were found for two patients with anterior myocardial infarction and VT sites that were anterior and posteroapical. As previously noted, the distance between the body surface extrema is linked to the distance separating the torso surface and the cardiac sources. This would suggest that if late potentials are generated near the site of origin of VT, anterior and apical sources that are near the torso surface would produce close extrema, whereas deeper basal and septal sources would produce distant extrema. Others24' 27-29 have investigatVol. 74, No. 6, December 1986 ed the relationship between the VT site of origin and the areas showing fragmented and/or delayed electrograms. Kienzle et al. 27 found a good correlation (80%) between the sites of origin of VT and areas of fragmented activity; however, the area with the most delayed activity in sinus rhythm did not always correspond to the site of origin of VT.
Clinical implications. Body surface potential maps show that spatial distributions of late ventricular potentials in patients with coronary artery disease and VT are dipolar. This demonstrates that late potentials can be detected reasonably well with only three orthogonal leads but that body surface potential maps provide additional information about their location and extent.
After antiarrhythmic medication, signal-averaged electrocardiograms show modifications in QRS duration, but the spatial distributions of the late potentials remain the same, suggesting changes in the degree but not in the sites of the conduction delay.
After antiarrhythmic surgery, the body surface maps revealed changes in both the QRS duration and the morphology of the potential distribution at QRS offset, suggesting a displacement of the terminal activity. Based on our limited observations of six patients, it would seem possible that the spatial distribution of the late potentials, in particular the distance between the extrema, may be useful in locating the site of origin of VT.
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